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ABSTRACT
This paper presents two prototypes of integrated solar panel antennas that can potentially replace the current
deployed wire type antennas used in small satellites. The antenna design is based on cavity backed slot antennas that
do not require additional satellite surface area to mount the antenna or any cost for deployment. Because the antenna
design is independent from solar cells, one can choose any after-market solar cells without custom fabrication. The
first prototype is a circularly polarized slot antenna that is integrated on top of a printed circuit board (PCB). The
PCB is a common solar panel material in small satellite industry, and the solar cells are then inter-connected on the
top most layer of the PCB. The second prototype is a linearly polarized two- element array. Both the antenna and
solar cell functionalities were rigorously tested and we achieved outstanding performance from both antennas and
solar cells.
reliable. For example, there can be incidence where the
antenna does not open and consequently the entire
satellite is lost.

INTRODUCTION
A Cube Satellite (CubeSat) is a small satellite with a
dimension of 10 cm3, and one can cascade 2 or 3
CubeSats to shape 2U or 3U CubeSats according to
specific mission requirements. CubeSats have been
identified as important vehicles for next generation
space explorations due to its low cost and fast
production cycle.

To resolve the issue of mounting space for antennas and
to provide a more robust antenna solution, one of the
most effective methods is to integrate antennas directly
with solar panels. Researchers have shown it is possible
to integrate transparent antennas directly on top of
commercial solar cells [1], or to place antennas under
the solar cells [2], [3]. Although the transparent antenna
solution is promising, it may take a few research cycles
to test solar cell functionality because the antennas are
placed on top of solar cells. The integration of antennas
under solar cells, however, requires custom designed
solar cells, and can be expensive. Therefore, there is a
call for a new design that is the most cost friendly, and
can be integrated with any after-market solar cells.

One of the major challenges of a CubeSat is how to
allocate the limited surface real estate. In general, the
surface area is occupied by surface mounted solar cells,
test instrument for specific mission, and antennas as
part of communication system. All the currently
employed CubeSat antennas require certain amount of
surface area for mounting. In particular, a microstrip
patch antenna at S band requires an area of about one
solar cell. This is not acceptable because the power
management of a CubeSat is so critical that one cannot
afford losing an entire piece of solar cell. Deployed
wire antennas require relatively less space, but the
deployed mechanism is expensive and not always
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This paper presents two prototype integrated solar panel
antennas that do not require any custom design of solar
cells and do not degrade solar cell functionalities.
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DESIGN METHODOLOGY
Figure 1 illustrates a typical 3U CubeSat. It is clearly
seen that there are gaps between solar cells. Those gaps
are due to the assembly requirement or considerations
for electrical connections of solar cells. These gaps can
be easily utilized to design antennas by creating
radiating slot elements in them. The theoretic basis for
designing antennas by utilizing those gaps is Babinet’s
principle [4], where a slot can be excited to radiate like
a complementary dipole antenna (Figure 2). The slot
antenna shown in Figure 1 radiates on the both sides of
the plane where the slot lies. In reality, because one has
to isolate the electronics inside the satellite from the
antenna radiation, a more practical choice is cavity
backed slot antennas as shown in Figure 3.

Figure 2: A Slot Antenna and Its Complementary
Dipole

Integrated Solar Panel Antenna Assembly
The assembly of antennas and solar panels are as
follows. We used two substrates. The lower substrate is
for the feeding network, and the upper substrate
contains the slot antennas (Figure 4, 5). Figure 4 and 5
illustrates the assembly information for a circularly
polarized antenna and a linearly polarized antenna
respectively. The substrates were made from Polyimide,
a material which is commonly used for space
applications. The solar cells were then placed on the top
layer around the antennas. The antenna and excitation
design were performed using Ansoft’s HFSS.

Figure 3: Cavity Backed Slot Antenna

Feed Designs
To excite the slot antennas, microstrip line feeding
method was employed. The feed design for the
circularly polarized antenna is shown in Figure 4,
where a single 50 Ohm microstrip line was utilized to
feed two slots that are vertical to each other. A 90
degree phase shift for the two slots was achieved using
the bending part of the microstrip line. The excitation
for the linearly polarized slot antennas is presented in
Figure 5 where a 50 Ohm line is divided to two 100
Ohm lines to feed the two serial slots. The positions of
the slot antennas were carefully adjusted to achieve
effective impedance matching.

Figure 4: Cavity Backed Slot Antenna

Figure 5: Cavity Backed Slot Antenna

PROTOTYPING
It is critical to choose reasonable substrates to fabricate
the proposed slot antennas. The commonly used
materials such as FR4 and high frequency laminates do
not handle the temperature and the pressure in space
environments. For example, a typical FR4 substrate has
an expansion coefficient 16 particle per million (ppm).

Figure 1: An Illustration A Typical 3U CubeSat
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The first type is RF testing where the antenna
performance was examined. The second type was solar
cell testing to ensure the power generation capacity of
the solar cells. While the RF testing was performed at
Utah State University, the solar cell testing was carried
out at the Space Dynamics Laboratory.

In the case of a 2.4 GHz antenna design, such
expansion may cause a shift of 0.2 GHz in the main
frequency. Compared to most substrates, Polyimide is a
more reasonable candidate, and has been used for small
satellite solar panels in the last few years. The trade-off,
however, is the loss of the Polyimide at GHz
frequencies. But considering overall performance and
the link budget, we have chosen to use Polyimide as the
panel material for antennas and solar cells.

RF Test Results
This section shows the RF tests on the circularly
polarized solar panel antenna. Figure 8 shows the return
loss (S11 parameter) measurements of the antenna. The
measurements were performed using a vector network
analyzer (Agilent 8510C). As seen from Figure 8, the
measured data agree with the simulation well, and the
agreement was improved after the solar cell integration.

We have designed two prototype integrated solar panel
antennas as illustrated in Figure 3 and 4. Both
prototypes were fabricated using standard PCB
technologies, which is very reasonable in price and can
be mass produced. Both antennas have the same ground
plane size of 155×96 mm², and can be fit into a 2U
satellite easily. Figure 6 and 7 show the prototypes of
circularly and linearly polarized solar panel antennas
respectively.
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After the antennas were fabricated, 28.3% ultra triple
junction solar cells were assembled and connected as
shown in Figure 6. Each solar cell provides an output
voltage of 2.5 volt and current of 450 mA.
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Figure 8: Return Loss of the Prototype Circularly
Polarized Solar Panel Antenna
Figure 9 presents the radiation pattern measurements
performed on NSI's spherical near-field antenna range.
Simulation data from HFSS were also presented there
for comparison. It can be seen that the radiation pattern
of the antenna after solar cell integration does not
change much from before the integration. This means
the existence of the solar cell does not degrade antenna
performance. It is also seen that the prototyped antenna
has a very good cross-polarization level.

Figure 6: Prototype Circularly Polarized Solar
Panel Antenna with Solar Cell Integration

Solar Cells Test Results
The measurement on solar cell functionality is as
follows. In a sunny clear day the solar panel was taken
outside. The solar cells were connected to a variable
resistor, and the current was measured for different
voltages generated by the solar cells on the variable
resistor. Figure 10 shows the power and the current
measurement versus the voltage. From the
measurements, the efficiency of the solar cells can be
calculated to be about 30 percent, which is outstanding.
The measurement confirms that the antennas do not
place any blocking to solar cell performance.

Figure 7: Prototype Linearly Polarized Solar Panel
Antenna without Solar Cell Integration

MEASURED RESULTS
In order to validate the prototyped integrated solar
panel antennas, we have performed two types of testing.
Mahmoud
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CONCLUSIONS AND FUTURE WORK
The paper presents a very cost friendly integration of
antennas with solar panels of Cube Satellites. The
antenna design is simple and can be mass produced
using printed circuit board technology. We have
prototyped two types of antennas. One prototype is an
integrated circularly polarized antenna and we have
performed rigorous tests on its functionality. Both
antennas and solar cells were validated to achieve
outstanding performance.
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As future work, we plan to integrate solar cells with the
second prototype—linearly polarized antenna and
perform validation. We also plan to coordinate with the
Space Dynamics Laboratory in Logan to schedule
future on flight tests in real missions.
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Figure 10: Measured Solar Cell Performance
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